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ABSTRACT

During each of two school quarters, approximately 60
college students enrolled in a mathematics course were randomly
assigned to an experimental group or a control group. The
control group received instruction by the lecture method only;
the experimental group received the same instruction, except
that six computer-assisted instruction (CAI) units were sub-
stituted for six class lectures. All students were given a
pre-test and a post-test measuring attitude toward CAI, attitude
toward mathematics, and achievement in the mathematical content
of the CAI units.

The following conclusions were drawn:

1. The experimental group's attitude toward CAI improved
significantly from pre-test to post-test, but the control group's
attitude toward CAI did not change significantly.

2. Attitudes toward mathematics improved in both the ex-
perimental group and the control group, but this change reached
significance level only in the control group. However, an
analysis of covariance controlling on pre-test math attitude
scores revealed no significant differences between the two
groups in post-test scores measuring attitude toward mathematics.

3. Both the experimental group and the control group
showed significant achievement gains in mathematics, and there
was no significant difference between the achievement of the
two groups.
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INTRODUCTION

The use of computers as instructional aids in our educa-
tional institutions has become more common in recent years,
to such an extent that "direct use of computers by teachers
and students throughout the country is now an actuality" (11,
p. 90). Since the area of mathematics is particularly well-
suited to this mode of instruction, much of the early computer-
assisted instruction (CAI) work was done in this field. On
the primary level, computer programs that give the individual
child practice with arithmetic problems appropriate foi his own
level have already been developed and tested with favorable
results (6, 8, 10), and at higher educational levels computers
have been used in many capacities to provide instruction in
such diverse areas as foreign languages, mathematics and
statistics, sciences, and social sciences (5). Furthermore,
it seems likely that technological development will permit and
encourage increased usage of computers as instructional aids
in schools and colleges within the foreseeable future.

The Problem

Despite the expanded use of CAI and the probability of
further expansion, there has been very little research in CAI
that deals with the affective as well as the cognitive domain.
This investigation, however, began with the idea that the
quality of teaching ought to be judged not only on the amount
of information the student has digested or on the skills he
has gained, but on the student's attitudes as well. That is,
if a student is unhappy with his classroom situation in
mathematics, he may be discouraged from continuing his study
in that field, or he may develop a dislike for mathematics or
a fear of mathematics that causes him to avoid using the know-w-
ledge he has gained. When the students themselves are pros-
pective primary teachers, their attitude toward mathematics
assumed particular importance, since these students may
transmit a negative attitude to another generation of scholars.

Furthermore, the attitudes of prospective primary teachers
toward CAI would also be of special interest, since these
students may have the opportunity to use the computer within
their own classrooms at some time in their career. Yet Bishop
(2), who researched programs of teacher education institutions
in Missouri and adjoining states, concludes that there is cur-
rently very little instruction in CAI for future teachers, and
a search of college catalogs indicates that this conclusion is
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probably valid in other regions as well. Unfortunatly, if little
instruction is being provided in the use of CAI, it is unlikely
that these teachers will be psychologically and technologically
prepared to integrate this media into their instructional
strategies. Tobias (9) found among teachers a bias against
terms describing newer forms of instructional media, causing
him to advocate instruction in these media for teacher trainees.
It seems reasonable to this investigator that such biases against
CAI might be removed through the actual use of the computer in a
student's academic program.

Purpose of the Study

Assuming that gains in mathematics achievement, gains in
attitude toward mathematics, and gains in attitude toward CAI
are worthy goals, particularly for prospective primary teachers,
it is reasonable to ask whether the use of CAI as a part of a
student's academic work will accomplish any or all of these
goals. Thus the central objectives of this study were as
follows:

1. To develop six CAI units. Each unit is an automated
programmed instruction lesson that covers a topic normally in-
cluded in Math 190, a course designed primarily for elementary
education majors, at Iowa State University. The units were
written in CPS (Conversational Programming System), and each
unit provides approximately 30 minutes of instruction. For the
experimental group (the CAI group), these six units were used
as a replacement for six traditional classroom lectures cover-
ing the same topics.

2. To determine if the use of CAI as a part of an under-
graduate mathematics course can change the student's attitude
toward CAI.

3. To determine if the use of CAI as a part of an under-
graduate mathematics course can change the student's attitude
toward mathematics.

4. To compare gains of knowledge of mathematics made by
CAI students with gains made by students in a conventional
lecture situation (the control group).
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METHODS AND PROCEDURES

The experiment was conducted in two parts; the first trial,
which was used to evaluate and improve the computer programs
and the testing instruments, and the replecation, which was
conducted approximately six months later.

Experimental Procedure

Two hundred forty-three students enrolled in Math 190 in
winter quarter, 1972, took the pre-tests in attitude toward
CAI, attitude toward math, and achievement in math during the
first class period of the quarter. By using a table of random
numbers, a stratified random sample was dr&wn to form an ex-
perimental group and a control group. Each group consisted
of 16 elementary education majors (15 females and one male),
and 16 students not majoring in elementary education (10
females and six males). Although the groups were thus balanced
by sex, no comparisons between sexes were made because of the
relatively small number of male subjects. Students not selected
for either-the experimental group or the control group were re-
quired to take the post-tests also, but their scores were not
used in the evaluation.

Students in the experimental group were told that on six
specified class days during the quarter they were not to attend
class. Instead, they were required to use the CAI unit cover-
ing the same topic as that day's class lecture. Since the pro-
grams could be used at any time, students were not limited to
a particular day or class hour in which they could work a speci-
fic program. To make certain that students were actually using
the programs, they were required to turn in the IBM sheet from
the typewriter terminal after each lesson, but they were given
assurance that the quality of their performance on the computer
would have no effect on their course grade.

As a result of the first trial, one CAI unit was replaced
by a new unit dealing with a different topic, and minor changes
were made in the remaining five units and in the CAI attitudinal
questionnaire. Except for these changes, however, the experi-
mental procedure used during the first trial was repeated the
following fall quarter, using an experimental group of 30
students (21 in elementary education and 9 not in elementary
education), and a control group of 30 students (21 majoring
in elementary education, and 9 not majoring in elementary edu-
cation). By means of a stratified random sample, these students
were selected from 135 students enrolled in Math 190.
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Evaluation Instruments

The questionnaire measuring attitude toward CAI is a
modified version of a questionnaire developed by Brown at
Pennsylvania State University (7). Brown constructed his forty-
item questionnaire largely on the basis of written comments of
students and observations of students who had used CAI as a
part of their coursework, and he reports the reliability of the
instrument as .885 (7, p. 101). The author of the present paper,
however, judged 15 questions on the Brown instrument to be in-
appropriate for this investiaation, whereas four questions that
the author wanted to ask were not included in the original
questionnaire. The form of the questionnaire used in the trial
run contains 25 items from Brown's questionnaire and 4 items
that were constructed by the investigator. Since many items
on this questionnaire are appropriate only for students who
have experienced CAI, this form was used as a post-test for
the experimental group, and a second form of the questionnaire
was constructed by making appropriate changes in the wording
of this post-test form, usually changing only the verb tense.
This new form was used as a pre-test for all students, and as
a post-test for the students in the control group.

After the trial run, an item analysis was done on the CAI
questionnaire, and four items were eliminated because of the
extremely low correlations with total score. Thus the CAI
questionnaire used in the replication was a shortened form of
that used during the first trial.

Each form of the CAI questionnaire lists five responses,
"strongly disagree," "disagree," "uncertain," "agree," and
"strongly agree," for each item, but some questions are worded
positively, while others express a negative attitude toward
CAI. Each item is scored on a five-point basis with items
expressing a positive attitude toward CAI scored as follows:
1 point for marking "strongly disagree"; 2 points for marking
"disagree"; 3 points for marking "uncertain"; 4 points for
marking "agree"; and 5 points for marking "strongly agree."
Scoring is reversed on items expressing a negative attitude
toward CAI. On the questionnaire used in the first trial
therefore, a theoretically neutral attitude would be represented
by a score of 87 (3x29), and the possible extreme scores are
29, expressing a negative attitude toward CAI, and 145, ex-
pressing a positive attitude toward CAI. Since four questions
were eliminated before the replication, however, a theoretic4ally
neutral attitude on the new questionnaire would be 75 (3x25),
and possible extremes are 25 and 125.
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To measure attitude toward mathematics, a "scale developed
by Aiken and Dreger in (1) was selected. This test consists
of 20 items, 10 cf which are positively worded and 10 negatively
worded. Like the items on the Brown questionnaire, these are
Likert items with five responses from "strongly disagree" to
"strongly agree." Again, scoring is done on a five point basis
so that the most negative attitude score is 20 (1x20), a neutral
score is 60 (3x20), and the most positive attitude score is
100 (5x20). This questionnaire was used in both the first trial
and in the replication.

Since an objective of this study was to measure very
specific achievement, achievement in the material presented by
the CAI units, the achievement test used in this experiment
was constructed by the investigator. There are four items worth
one point each that deal with each of the six CAI units, so
scores could vary from 0 through 24. Although six items are
multiple-choice questions, the remaining items are short-answer
or completion items. A post-test form of the test was con-
structed by changing specific numbers or key words in the pre-
test form.
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RESULTS

As previously stated, this study was primanay concerned
with changes in attitude toward CAI, changes in attitude toward
mathematics, and changes in mathematics achievement that may
result from the use of the CAI units as a part of a standard
mathematics course. The first two hypotheses, then, deal with
attitude toward CAI, and may be stated in the null form as
follows:

1. There is no significant change in the control group's
attitude toward CAI as a result of taking Math 190.

2. There is no significant change in the CAI group's at-
titude toward CAI as a result of taking Math 190.

For the fil'vt hypothesis, the calculated t-value obtained
during the first trial was a non-significant 1.73, and the value
calculated during the replication was a non-significant 1.12.
In testing the second null hypothesis, however, thz t1values ob-
tained were 7.19 in the first trial and 6.97 in the replication.
Both values are significant beyond the .01 level. In both
trials, then, the experimental group's attitude toward CAI im-
proved significantly, but the control group's attitude toward
CAI did not change significantly.

The third hypothesis, also stated in the null form, is '

written as follows:

3. There is no significant difference in the control
group's attitude toward CAI and the CAI group's attitude toward
CAI when initial pre-test differences have been controlled.

To investigate this hypothesis, an analysis of covariance,
shown in Tables 1 and 2, was done using two classifications
for treatment (CAI or traditional instruction), and two class-
ifications for curriculum (elementary education or not elementary
education), and using the pre-test attitude toward CAI as the
covariate. In both the first trial and the replication, the
analysis reveals that differences between treatments are sig-
nificant beyond the .01 level; that is, the CAI group and the
control group held significantly different attitudes toward CAI
at the end of the experiment. The F values associated with
differences between curriculums and with interaction between
treatment and curriculum, however, are not significant at the
.05 level.
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Table 1. Analysis of covariance of attitudes toward CAI using
pre-test attitude toward CAI scores as a covariate:
first trial data

Source of variation d.f. S.S. M.S. F

Treatment 1 3336.52 3336.52 27.89**
Curriculum 1 1.16 1.16 .01
Treatment x curriculum 1 26.26 26.26 .22
Residual 53 6340.56 119.63
Total 56 9704.50

Table 2. Analysis of covariance of attitudes toward CAI using
pre-test attitude toward CAI scores as a covariate:
replication data

Source of variation d.f. S.S. M.S.

Treatment 1 3779.80 3779.80 42.13**
Curriculum 1 66.34 66.34 .74
Treatment x curriculum 1 .56 .56 .01
Residual 48 4305.98 89.71
Total 51 8152.68

**Significant at the .01 level.

During the first trial, both the CAI group and the control
group had 32 students, but four CAI students and two control
group students failed to complete the experiment. In the
replication, four out of 30 CAI students and 3 out of 30 control
group students failed to complete the experiment. Statistics
are thus based on data collected from 58 students participating
in the first trial and 53 students participating in the repli-
cation.
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The second series of hypotheses, those dealing with
attitudes toward mathematics, may be stated in the null form
as follows:

4. There is no significant .change in the control group's
attitude toward mathematics as a result of taking Math 190.

5. There is no significant change in the CAI group's atti-
tude toward mathematics as a result of taking Math 190.

6. There is no significant difference in the control group's
attitude toward mathematics and the CAI group's attitude toward
mathematics when initial pre-test differences have been controlled.

For the fourth hypothesis, the t-statistic calculated during
the initial trial is 2.10, which is significant at the .05 level.
During the replication, the calculated t-statistic for hypo-
thesis 4 is 3.30, which is significant at the .05 level and at
the .01 level. In both the first trial and the replication,
however, the respective t values of 1.72 and 1.80 approach
significance but fail to be significant at the .05 level. Hence
the fifth null hypothesis cannot be rejected at the .05 level.

In hypothesis 5, treatments and curricula are as described
in hypothesis 3, but the criterion variable is the post-test
score on the attitude toward mathematics questionnaire, and the
covariate is the pre-test score on the attitude toward mathe-
matics questionnaire. In an analysis of covariance, presented
in Tables 3 and 4, no significant differences are found between
treatments. The effects of curriculum and of interaction
between treatment and curriculum are also non-significant.
Null hypothesis 6 can therefore not be rejected at the .05 level.

Hypotheses 7 and 8 are stated in the null form as follows:

7. There
achievement in

8. There
achievement in

is no significant change in the control group 's
mathematics as a result of taking Math 190.

is no significant change in the CAI group's
mathematics as a result of taking Math 190.

With hypothesis 7, the calculated t-statistic obtained
during the first trial was 7.38, and the t-statistic obtained
during the replication was 15.46; both were significant beyond
the .01 level. Similarly, the values obtained for the t-
statistic in hypothesis 8, (13.57 for the first trial and 15.49
for the replication), were significant beyond the .01 level.
Both hypothesis 7 and hypothesis 8 were thus rejected at the
.05 level and at the .01 level.



9

Table 3. Analysis of covariance of attitude toward mathematics
using pre-test attitude toward mathematics scores as
covariate: first trial results

Source of variation d. f. S.S.

.M111

M.S. F

Treatment 1 4.85 4.85 .09
Curriculum 1 .86 .86 .02
Treatment x curriculum 1 144.20 144.20 2.55
Residual 53 3001.40 56.63
Total 56 3151.31

AINEMMMIM*,

Table 4. Analysis of covariance of attitude toward mathematics
using pre-test attitude toward mathematics scores as
a covariate: replication

Source of variation d.f. S.S. M.S.

Treatment 1 233.08 233.08 2.66
Curriculum 1 233.10 233.10 2.66
Treatment x cirriculum 1 1.36 1.36 .02
Residual 48 4198.52 87.47
Total 51 4666.06

The last hypothesis under investigation may be stated as
follows:

9. There is no significant difference in the control
group's achievement in mathematics and the CAI group's achieve-
ment in mathematics when initial pre-test differences have
been controlled.

Again, an analysis of covariance was done using the post-
test math achievement scores as the criterion variable and the
pre-test math achievement scores as the covariate. The analysis,
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printed in Tables 5 and 6, shows no significant differences
between treatments, no significant differences between curriula,
and no significant interaction between treatment and curriculum.
Consequently, null hypothesis 9 cannot be rejected at the .05
level.

The means and standard deviations of each of the variables
used in these hypotheses may be found in Tables 7 and 8.

Table 5. Analysis of covariance of mathematics achievement
using pre-test mathematics achievement scores as a
covariate: first trial data

Source of variation d.f. S.S. M.S.

Treatment 1 22.34 22.34 1.24
Curriculum 1 10.89 10.89 .61
Treatment x curriculum 1 53.98 53.98 3.00
Residual 53 952.95 17.98
Total 56 1040.16"
Table 6. Analysis of covariance of mathematics achievement

using pre-test mathematics achievement scores as a
covariate: replication data

Source of variation

OIMENION

d.f. S.S. M.S.

Treatment 1 2.77 2.77 .34
Curriculum 1 21.54 21.54 2.62
Treatment x curriculum 1 9.61 9.61 1.17
Residual 48 394.93 8.23
Total 51 428.85
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Table 7. Means and standard deviations of the major variables
in the study: first trial data

Variable CAI group
mean

CAI group
standard
deviation

Control
group
mean

Control group
standard
deviation

Pre-test CAI
attitude

Post-test CAI
attitude

Pre-test math
attitude

Post-test math
attitude

Pre-test math
achievement

Post-test math
achievement

90.04

107.68

59.32

61.75

8.36

16.64

11.86

10.92

19.76

17.82

3.58

3.76

87.53

91.03

50.03

53.47

7.77

15.07

13.18

14.23

20.90

19.01

2.85

5.30
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Table 8. Means and standard deviations of the major variables
in the study: replication data

Variable
CAI group
mean

CAI group
standard
deviation

Control
group
mean

Control group
standard
deviation

Pre-test CAI
attitude

Post-test CAI
attitude

Pre-test math
attitude

Post-test math
attitude

Pre-test math
achievement

Post-test math
achievement

74.46

94.88

62.19

65.27

7.35

16.88

13.91

9.95

18.53

16.51

2.48

2.88

76.07

78.44

61.26

68.78

7.00

17.22

13.04

10.26

17.05

15.68

2.39

3.14

To examine the relationships among the variables, the
correlation coefficient for each possible pair of the six
variables used in this study was calculated for students in
the CAI group and for students in the control group. These
correlation matrices are presented in Tables 9-12.
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CONCLUSIONS

The contention that a student's attitude toward CAI can
be changed through the use of CAI as a part of his coursework
was strongly supported by this study. In both trials of the
experiment, attitudes toward CAI improved significantly in
students who used CAI, but these attitudes failed to improve
in students who did not use CAI (the control group). Thus
exposure to CAI had a positive effect on student attitudes
toward CAI.

Another test supporting this attitude change is the analysis
of covariance, which revealed that the CAI group and the control
group had significantly different attitudes toward CAI as
measured by the post-test. (In this analysis, original pre-test
differences in attitude toward CAI were controlled.) In other
words, the CAI group and the control group had significantly
different attitudes toward CAI at the end of the experiment;
the CAI group's attitude toward CAI had changed significantly
in the positive direction, while the control group's attitude
had not changed significantly.

In the area of attitude toward mathematics, however, con-
clusions are less clear. Attitudes toward mathematics im-
proved in both the CAI group and the control group, but this
change in the control group's attitude fell slightly above
significance at the .05 level in the first trial, and above
significance at the .01 level in the replication. In both
trials, however, the change in the CAI group's attitude fell
below significance at the .05 level. Thus the control group's
attitude toward mathematics improved significantly in both
trials, and the CAI group's attitude toward mathematics im-
proved in both trials, but did not improve significantly.
Nevertheless, in both the first trial and the replication, an
analysis of covariance controlling on pre-test attitudes toward
mathematics scores revealed that the attitudes toward mathe-
matics of the two groups were not significantly different. It
would seem, then, that there is not enough evidence to say that
CAI is less effective than traditional instruction in changing
attitudes toward mathematics, but the hope that CAI would lead
to a greater attitude gain was definitely not substantiated.

This experiment also found no significant difference in
mathematics achievement between students who had used CAI and
students who received traditional instruction. In both trials
the CAI group and the control group each made significant gains
in mathematics achievement between pre-test and post-test
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scores, and the difference between the post-test scores of
the CAI group and the post-test scores of the control group
were non-significant. In assessing achievement, however, it
should be noted that a typical student would complete each CAI
unit in less time that the standard 50 minute class period.
Thus CAI may be credited with producing achievement gains
comparable to those resulting from traditional instruction in
less time than was required by traditional instruction.

Recommendations for the classroom include the following:

1. The use of CAI as a ..,art of a student's academic
program does appear to be an effective means of improving his
attitude toward CAI. In situations in which such improvement
is an objective, this "hands-on" approach should definitely
be considered.

2. Although students' attitudes toward mathematics did
improve somewhat, these attitudes are still not very favorable,
especially in the students participating in the first trial of
the experiment. Attempts should be made to find ways of im-
proving these student attitudes.

3. Computer-assisted instruction does appear to be a
viable instructional strategy. Instructors should consider
using CAI when it is appropriate for their educational objectives.
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APPENDIX A: CAI LESSON TOPICS

Units 1-6 were used in the first trial; units 1, 2, 3, 4,
5, and 7 were used in the replication.

I. CAI unit 1

A. Converting base 12 numerals to base 10 numerals
B. Counting in a base 12 numeration system
C. Converting base 10 numerals to base 12 numerals
D. Working with numerals of the form 23.4(twelve)
E. Review of multiplying and adding fractions

II. CAI unit 2

A. The concept of arbitrary operations
B. Commutative property of arbitrary operations
C. Properties of subtraction

III. CAI unit 3

A. Properties of division
B. Formal definition of division
C. Quotients involving a zero

IV. CAI unit 4

A. Definition of "divisible"
B. Tests for divisibility by 2, 5, 4, 3, 9, 6, and 10
C. Generality of the divisibility tests

V. CAI unit 5

A. Definition of "prime"
B. Review of square roots
C. Method of determining whether a number is prime

VI. CAI unit 6

A. Definition of "least common multiple"
B. Three methods of finding the least common multiple
C. Using the least common multiple in adding fractions

VII. CAI unit 7

A. Definition of a mathematical "relation"
B. The "reflexive" property of a relation
C. The "symmetric" property of a relation
D. The "transitive" property of a relation
E. Recognition of an "equivalence relation"
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APPENDIX B: PROGRAM LISTING

Routines Common to All Units

Each of the CAI units consists of a main program and two
or three segments called "procedures." Within each procedure
arc the following two sets of commands: a set of declaration
and initialization statements, and a group of statements that
process the student's response. Because the declaration and
initialization statements, (statements 58-69), and the pro-
cessing statements, (statements 70-98.1), are identical in
each procedure, these statements are printed separately on
the following page, and are omitted from the remaining pro-
gram listings.
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CAI UNIT 1
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APPENDIX C: PRE-TEST QUESTIONNAIRE
MEASURING ATTITUDE TOWARD CAI

Author: Brown, Bobby R. In: Mitzel, Harold E. and
Brandon, George L. Experimentation with computer-assisted
instruction in technical education. 1966.

All questions were used in the first trial. All questions
except numbers 2, 4, 18, and 28 were used in the replication.

1. While taking computer-assisted instruction I would feel
challenged to do my best work.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

2. While taking computer-assisted instruction I would be con-
cerned that I might not be understanding the material.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

3. While taking computer-assisted instruction I would feel
isolated and alone.

1=strongly disagree 2- disagree 3=uncertain
4=agree 5=strongly agree

4. I would feel uncertain as to my performance in the pro-
grammed instruction relative to the performance of others.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

5. While taking computer-assisted instruction I would find
myself just trying to get through the material rather than
trying tc) learn.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

6. Computer-assisted instruction should not be used in any
form in the elementary school.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree
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7. Computer-assisted instruction could be used effectively
in many college classes.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

8. In a situation where I am trying to learn something, it is
important to me to know where I stand relative to others.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

9. Computer-assisted instruction would make this course more
interesting.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

10. While taking computer-assisted instruction I would be
more involved in running the machine than in understanding the
material.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

11. I feel I could work at my own pace with computer-assisted
instruction.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

12. Computer-assisted instruction makes the learning too
mechanical.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

13. I would feel as if I had a private tutor while on computer-
assisted instruction.

1=strongly disagree 2=disagree 3=uncertain
4=sgree 5=strongly agree

14. While taking computer-assisted instruction I would be aware
of efforts to suit the material specifically to me.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree
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15. While taking computer-assisted instruction I would find
it difficult to concentrate on the course material because of
the hardware.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

16. Computer-assisted instruction would be too confusing for
grade school children.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

17. Computer-assisted instruction is an inefficient use of
the student's time.

1=strongly disagree 2=disagree 3=uncertain
4=agrae 5=strongly agree

13. While on computer-assisted instruction I would encounter
mechanical malfunctions.

1=a11 the time 2=most of the time
4=seldom 5=never

3=some of the time

19. Computer-assisted instruction would make it possible for
me to learn more quickly than traditional instruction.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

20. I would feel frustrated by the computer-assisted instruc-
tion situation.

1=strongly disagree 2-disagree 3=uncertain
4=agree 5=strongly agree

21. The computer-assisted instruction approach is inflexible.

1=strongly disagree 2=disaaree 3=uncertain
4=agree 5=strongly agree

22. Even otherwise interesting material would be boring when
presented by computer - assisted instruction.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree



74

23. In view of the effort I put into it, I would be satisfied
with what I had learned while using computer-assisted instruction.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

24. In view of the amount I would learn, I would say computer-
assisted instruction is superior to traditional instruction.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

25. With a course such as the one I am taking, I would prefer
computer-assisted instruction to traditional instruction.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

26. I am not in favor of computer-assisted instruction because
it is just another step toward depersonalized instruction.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

27. Computer-assisted instruction is too fast.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

28. Typing experience is necessary in order to perform satis-
factorily on computer-assisted instruction.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

29. Computer-assisted instruction is boring.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree
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APPENDIX D: POST-TEST QUESTIONNAIRE
MEASURING ATTITUDE TOWARD CAI

Author: Brown, Bobby R. In: Mitzel, Harold E. and
Brandon, George L. Experimentation with computer-assisted
instruction in technical education. 1966.

All questions were used in the first trial. All questions
except numbers 2, 4, 18, and 28 were used in the replication.

1. While taking computer-assisted instruction I felt challenged
to do my best work.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

2. While taking computer-assisted instruction I was concerned
that I might not be understanding the material.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

3. While taking computer-assisted instruction I felt isolated
and alone.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

4. I felt uncertain as to my performance in the programmed
instruction relative to the performance of others.

1=strongly disagree 2=disag:ee 3=uncertain
4=agree 5=strongly agree

5. While taking computer-assisted instruction I found myself
just trying to get through the material rather than trying to
learn.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

6. Coiuputer-assisted instruction should not be used in
form in the elementary school.

1=strongly disagree 2=disagree 3=uncertain
4=agrez 5=strongly agree
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7. Computer-assisted instruction could be used effectively in
many college classes.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

8. In a situation where I am trying to learn something, it is
important to me to know where I stand relative to others.

1=s4-rongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

9. Computer-assisted instruction made this course more in-
teresting.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

10. While taking computer-assisted instruction I was more in-
volved in running the machine than in understanding the material.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

11. I felt I could work at my own pace with computer-assisted
instruction.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

12. Computer-assisted instruction makes the learning too
mechanical.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

13. I felt as if I had a private tutor while on computer-
assisted instruction.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

14. While taking computer-assisted instruction I was aware of
efforts to suit the material specifically to me.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=stronglj agree
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15. While taking computer-assisted instruction I found it
difficult to concentrate on the course material because of
the hardware.

1=strcngly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

16. Computer-assisted instruction would be too confusing for
grade school children.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

17. Computer-assisted instruction is an inefficient use of
the student's time.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

18. While on computer-assisted instruction I encountered
mechanical malfunctions.

1=a11 the time 2=most of the time
4=seldom 5=never

3=some of the time

19. Computer-assisted instruction made it possible for me to
learn more quickly than traditional instruction.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

20. I felt frustrated by the computer-assisted instruction
situation.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

21. The computer-assisted instruction approach is inflexible.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

22. Even otherwise interesting material would be boring when
presented by computer-assisted instruction.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree
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23. In view of the effort I put into it, I was satisfied with
what I learned while using computer-assisted instruction.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

24. In view of the amount I 3.earned, I would say computer-
assisted instruction is superior to traditional instruction.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

25. With a course such as the one I am taking, I would prefer
computer-assisted instruction to traditional instruction.

1=strongly disagree 2=disagree 3=ancertain
4=agree 5=strongly agree

26. I am not in favor of computer-assisted instruction because
it is just another step toward depersonalized instruction.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

27. Computer-assisted instruction is too fast.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree

28. Typing experience is necessary in order to perform easily
on computer-assisted instruction.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=srongly agree

29. Computer-assisted instruction is boring.

1=strongly disagree 2=disagree 3=uncertain
4=agree 5=strongly agree
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APPENDIX E: PRE-TEST MATHEMATICS ACHIEVEMENT MEASURE

Questions 13A, 14A, 15A, and 16A were used in the first
trial; questions 13B, 14B, 15B, and 16B were used in the re-
plication.

1. Using the digits 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, t, e to write
numerals in the base 12 number system, what is the base 12 numeral
immediately following after 5912?

2. Write the base 10 numeral for 2t7
12.

3. Write 21.34
6
as a base 10 numeral.

4. Write 268
10

as a base 12 numeral.

5. Consider the operation * on the set of natural numbers
where a*b = (a + b) - 2.

a) Find the numeric value of 8*3

b) Explain why the operation * is (or is not) commutative
on the set of natural numbers.

6. State the commutative property of addition.

7. State a rule that can be used to tell whether z number is
divisible by 5 without actually dividing the number by 5.

8. State a rule that can be used to tell whether a number is
divisible by 4 without actually div:;ding the number by 4.

9. Consider the following stateme.At: a number is divisible
by nm if and only if it is divisible by n avd by m. If this
statement is true for all whole numbers n and m, then write
"true;" otherwise, find a pair of whole numbers (a value for
n and a value for m) for which the statement is false.

10. Which pair of whole numbers does \FTi lie between?

11. If 143 is prime, write "primer if not, name a number
that divides 143 (other than 1 and 143).

12. The largest prime number that is less than or equal to
200 is

13A. Use the set of all multiples of 8 and the set of all
multiples of 12 to find the least common multiple of 8 and 12.
Show your work.
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13B. A relation that is reflexive, symmetric, and transitive
is called an relation.

14A. If n'm = 400 and the greatest common divisor of n and m
is 2, what is the least common multiple of n and m?

14B, 16B, 17B. Consider the given relations on the given sets.
Place an R, S, and/or T in the space provided if the relation
has the Reflexive, Symmetric, and/or Transitive properties:

relation

a is related to b if a'b
is an even number

A is related to B if A is
a subset of B

a is related to b if a is
a first cousin of b

set on which rein. is defined

Natural numbers

Sets

People

15A. Find the least common multiple of 18 and 24.

16. To see if 101 is a prime number, it would be necessary to
try to divide 101 by exactly four numbers. Name those four
numbers.

17A. Add 1/18 + 5/24.

For each of the following questions, circle the letter corres-
ponding to the correct response.

18. The statement 18 - 0 = 0 - 18

. a)

b)

c)

d)

is false.
is true because
is true because
is true because

19. The statement (6 +

a)

b)

c)
d)

of the
of the
of the

zero property of subtraction.
commutative property of subtraction.
associative property of subtraction.

15)i- 3 = (6-1:3) + (15-i-3)

is false
is true because of the
is true because of the
is true because of the
division over addition.

commutative property of division.
associative property of division.
right distributive property of
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20. The statement 1 (3 + 5) = (1 3) + (1 :IL: 5)

a) is false.
b) is true because of the commutative property of division.
c) is true because of the associative property of division.
d) is true because of the right distributive property of

division over addition.

21. The statement (12 i- 4) 1 = 12 -1,7 1)

a) is true because of the commutative property of division.
b) is true because of the associative property of division.
c) is true because of the distributive property of division.
d) is true, but not for any of the above reasons.

22. The expression 0-i-0

a) is equal to 1, because a number divided by itself is
always 1

b) is meaningless.
c) is equal to 0, since 0 divided by anything is always 0.
d) is equal to infinity.

23. To see that 864123 is divisible by 3 without actually
dividing, one could notice that

a) the number in ti-ze one's position is divisible by 3.
b) the number names by the last three digits (123) is

divisible by 3.
c) the sum of the digits is divisible by 3.
d) none of the above.
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APPENDIX F: POST-TEST MATHEMATICS ACHIEVEMENT MEASURE

Questions 19A, 20A, 21A, and 22A were used in the first
trial; questions 19B, 20B, 21B, and 22B were used in the re-
plication.

Circle the letter corresponding to the correct response:

1. The statement 1 = (4 + 5) = (1 4) + (1 5)

a) is false.
b) is true because of the commutative property of division.
c) is true because of the associative property of division.
d) is true because of the right distributive property of

division over addition.

2. The statement (16 4) ÷. 1 = (4-7-1)

a) is true because of the commutative property of division.
b) is true because of the associative property of division.
c) is true because of the right distributive property of

division over addition.
d) is true, but not for any of the above reasons.

3. The expression 0 4,-0

a) is equal to 1.
b) is undefined.
c) is equal to O.
d) is equal to infinity.

4. The statement (6 + 15) = 3 = (6 3) + (15 4.- 3)

a) is false
b) is true because of the commutative property of division.
c) is true because of the associative property of division.
d) is true because of the right distributive property of

division over addition.

5. The statement 1 - 0 = 0 - 1

a) is false.
b) is true because of the zero property of subtraction.
c) is true because of the commutative property of subtraction.
d) is true because of the associative property of subtraction.
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6. To see that 864123 is divisible by 3 without actually
dividing, one could notice that

a) the number in the one's position is divisible by 3.
b) the number names by the last three digits is divisible

by 3.
c) the sum of the digits is divisible by 3.
d) none of the above.

7. Write 23.32
4

as a base 10 numeral.

8. Consider the operation * on the set of natural numbers
where a*b = 5a+b

a) Find the numeric value of 8*3

b) Explain why the operation * is (or is not) commutative
on the set of whole numbers.

9. State the commutative property of multiplication.

10. Use the number 679 to explain EU the divisibility test
for 2 works as it does.

11. State a rule that can be used to tell whether a number is
divisible by 6 without actually dividing the number by 6.

12. Consider the following statement: a number is divisible
by nip if and only if it is divisible by n and by m. If this
statement is true for all natural numbers n and m,,then write
"true;" otherwise, find a pair of natural numbers (a value
for n and a value for m) for which the statement is false.

13. Name the pair of consecutive whole numbers that Y87 lies
between.

14. If 247 is prime, write "prime." If not, name a number
that divides 247 (other than 1 and 247).

15. The largest prime number that is less than or equal to
180 is

16. Wing the digits 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, t, e to
write numerals in the base 12 numeration system, what is the
base 12 numeral immediately following 5t912?

17. Write the base 10 numeral for e8
12

.

18. Write 136
10

as a base 12 numeral.
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19A. Use the set of all multiples of 10 and the set of all
multiples of 12 to find the least common multiple of 10 and
12. Show your work (on the answer sheet).

19B. A relation that is reflexive, symmetric, and transitive
is called an relation.

20A. If nm = 1200 and the greatest common divisor of n and
m is 4 what is the least common multiple of n and m?

20B, 21B, 22B. Consider the given relations on the given sets.
Place an R, S, and/or T in the space provided if the relation
has the Reflexive, Symmetric, and/or Transitive properties:

relation

a is related to b if a+b
is an even number

A is related to B if A is
a proper subset of B

a is related to b if a is
perpendicular to b

set on which rein. is defined

Natural numbers

Sets

Lines

21A. Find the least common multiple of 24 and 36.

22A. Add 1/24 + 5/36.

23. To see if 157 is a prime number, it woit.d be necessary
to try to divide 157 by exactly five numbers. Name those
5 numbers.


